Objective: To explore the correlation between reflux disease and abnormal esophageal motility in patients with gastroesophageal reflux disease (GERD).
| INTRODUCTION
The global prevalence of gastroesophageal reflux disease (GERD) has been increasing. 1, 2 Many studies have confirmed the fact that esophageal motility disorders are common in patients with GERD, including extended transient lower esophageal sphincter (LES) relaxation, decreased LES basal pressure, and weakened peristaltic amplitude. [3] [4] [5] [6] [7] [8] However, the pathology and development of esophageal motility disorders in GERD are still underrecognized and undertreated.
We believe that the severity of esophageal motility disorders is correlated with the degree of gastroesophageal reflux. It has been reported that there are more reflux episodes, longer acid exposure, and slower esophageal acid clearance in GERD patients with ineffective esophageal motility (IEM) compared with those with normal esophageal motility. 9 Our previous study also demonstrated that refractory GERD patients with IEM had more episodes of weakly acid reflux and long-term acid reflux than those with normal esophageal motility. 10 To date, it has been impossible to determine whether esophageal dysmotility is the primary cause or a secondary abnormality in the development of GERD.
A previous study has revealed that progressive deterioration of esophageal motor function in patients with GERD could be determined by the worsening of esophageal mucosal damage. 11 The
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damage caused by reflux materials and the decline in esophageal antireflux capacity result in esophageal mucosal damage, leading to reduced esophageal compliance and an increase in the resistance of bolus movement. However, few studies have focused on the effects of acid exposure on esophageal motility. The effects of different reflux types (acid or non-acid reflux) on esophageal motility during GERD have not been well studied as well.
This retrospective study aimed to analyze the reflux types and dynamic parameters in Chinese patients with GERD who did not receive proton pump inhibitor (PPI) therapy using 24-h multichannel intraluminal impedance (MII)-pH monitoring and high-resolution manometry (HRM), and to explore the correlation between reflux type and abnormal esophageal motility in these patients.
| PATIENTS AND METHODS

| Participants
We retrospectively reviewed the medical records of all participants who underwent MII-pH monitoring and HRM from January 2012 to 
| HRM
A high-resolution solid-state manometry catheter (Given Imaging, Duluth, GA, USA) was used to determine esophageal motility. The standardized protocol involved a 1-minute baseline recording, the patients were then asked to swallow 10 times of 5 mL warm water to assess the esophageal motility. Referring to Chicago classification ver- 
| MII-pH monitoring
A multichannel intraluminal impedance-pH monitoring system (Given Imaging) was used to record gastroesophageal reflux and impedance for 24 hours. The MII-pH monitoring catheter was inserted into the esophagus and the pH sensor was placed 5 cm above the LES, which was located using HRM. All reflux events and parameters recorded automatically by the monitoring system were reviewed.
The reflux parameters were analyzed, such as the DeMeester score, AET, the numbers of long-term reflux (>5 min), and percentage of supine reflux time at pH <4, and the numbers and types of reflux episodes. 15 AET was defined as the ratio of the time that the distal esophagus experienced pH <4 to the total time of monitoring. According to a consensus report, 16 reflux episodes include acid reflux (defined as the episodes that decreased esophageal pH is below 4), and non-acid (weakly acid and alkaline) reflux. Reflux episodes were classified as weakly acidic reflux if the nadir pH was between 4 and 7 or weakly alkaline reflux if the nadir pH was above 7. Patients were classified as having GERD if they had abnormal reflux episodes based on the MII-pH monitoring data. We classified the patients with GERD into acid reflux and non-acid reflux types based on the level of AET. Patients were considered to have acid reflux if there was abnormal AET (>4.2%). Those who had normal AET but abnormal non-acid reflux episodes were considered to have non-acid reflux. We chose the symptom index (SI) to evaluate symptom correlation with reflux. SI was defined as the ratio of the numbers of the symptoms occurred when reflux episodes occurred to the total number of the reported symptoms, and multiplied by 100%. 17 In the current study, patients were considered to have functional heartburn (FH) if they presented with normal reflux and had a SI of <50%. 18 
| Statistical analysis
Statistical analyses were performed by using the SPSS version 19.0 (IBM, Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation, and were analyzed using the Student's t- The characteristics of the enrolled participants are shown in Table 1 .
| Reflux episodes identified during MII-pH monitoring
A total of 118 patients with GERD were further divided into two subgroups, the acid reflux (n = 58) and the non-acid reflux (n = 60) groups.
There were significantly higher DeMeester score (29.0 ± 9.2 vs 4.8 ± Table 3 . Table 4 
| Correlation between reflux episodes and esophageal motility
| DISCUSSION
In the current study, patients with GERD were classified into two subgroups with different reflux types, and HRM and MII-pH profiles were Abbreviations: NERD, non-erosive reflux disease; SD, standard deviation.
TABLE 2 24-h impedance-pH monitoring parameters and endoscopic findings of patients with acid reflux, non-acid reflux, gastroesophageal reflux disease (GERD) and functional heartburn (FH)
Acid reflux (n = 58) Non-acid reflux (n = 60)
Age, years (mean ± SD) 45.8 ± 15.2 57.9 ± 13.1 51.9 ± 15.2 68 ± 5.6 then compared. Consistent with other studies, 7, 8, 19 our results revealed that patients with GERD had more common abnormalities in esophageal motor function than FH patients. We also found that significant alterations in esophageal motility occurred when acid reflux episodes increased, as shown by a decrease in LES pressure, LES length, and in the three parts of the esophageal body amplitude, and a decline in DCI. These results suggest that acid exposure may be associated with esophageal dysmotility.
Diener et al 9 found that there was a longer AET, more reflux episodes, and worse esophageal acid clearance in patients with GERD with esophageal motility disorders than in those with normal motility.
We believe that the degree of abnormal esophageal motility correlates with the severity of gastroesophageal reflux. However, the nature of the relationship between acid exposure and abnormal esophageal peristalsis remains to be determined, and few studies have focused on this issue. Our findings showed that GERD patients with acid reflux had more esophageal motility disorders than those with non-acid reflux and FH, and that there were significant correlations between reflux parameters and esophageal motility metrics.
It has been reported that esophageal motility disorders may be linked with abnormal bolus transit and decreased esophageal chemical The current study had some limitations. This was a retrospective study with missed information. All patients were enrolled from one single hospital, which might have resulted in a potential selection bias.
Moreover, the small sample size limited its statistical power. In addition, patients suspected of having GERD did not routinely undergo an endoscopic mucosal biopsy to rule out eosinophilic esophagitis. In this study we chose SI to evaluate symptom correlation with reflux, and some researchers used symptom association probability (SAP). Both SI and SAP are the widely accepted methods by the experts in the field;
however, which method should be the gold standard to determine the symptom association is still disputed. The latest Lyon consensus said, 24 "SI is a measure of 'effect size', whereas SAP is a measure of probability."
In conclusion, the current study shows that an increase in esophageal acid exposure correlates with an increase in esophageal dysmotility in patients with GERD. However, we could not confirm whether the esophageal motility disorder was a secondary result of abnormal acid exposure or a primary cause that have led to more acid exposures. The findings of the current study warrant further research to explore the correlations between esophageal acid exposure and esophageal motility in patients with GERD.
